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A field  demonstration  vas  implemented  to  deploy  under  actual  field  condi- 
blons  several  water-quality  monitoring  systems  to  determine  their  overall  suita- 
bility and  cosqwtlbillty  with  the  LaBarge  designed  remote  water  data  transmitter, 
in  addition « the  study  was  to  establish  an  infoniation  base  upon  which  decisions 
could  be  made  for  selecting  water-quality  monitoring  equipment  capable  of  gather- 
ing reliable  data  for  extended  periods  with  limited  maintenance. ^ 
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?0.  ABSTRACT  { Cont Inued ) . 

Results  of  the  Investigation  revealed  that  In  long-tern  unattended  situa- 
(lon3,  equifMent  operation  was  unsatisfactory.  But  in  short-tera  deployaents 
^ith  sufficient  attention  being  given  to  calibration  techniques,  the  equipaent 
rendered  satisfactory  results. 

The  operational  environaent  has  a significant  effect  on  data  reliability 
and  equipaent  siaintalnability.  Even  though  the  data  veire  inconclusive,  there 
i/ere  indications  that  turbidity  and  water  temperature  and  currents  affected  the 
accuracy  of  the  measurements. 
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OmiBRTO/WArABI’lIY  TO 


THE  CONTENTS  OF  THIS  REPORT  ARE  NOT  TO  BE 
USED  FOR  ADVERTISING,  PUBLICATION,  OR 
PROMOTIONAL  PURPOSES.  CITATION  OF  TRADE 
NAMES  DOES  NOT  CONSTITUTE  AN  OFFICIAL  EN- 
DORSEMENT OR  APPROVAL  OF  THE  USE  OF  SUCH 
COMMERCIAL  PRODUCTS. 


SUMMAfY 


The  River  and  Reservoir  Control  Center  of  the  Lower  MlBsisslppi 
Valley  Division  (LMVD)  Is  presently  developing  a satellite-oriented 
water  resources  data  collection  network.  The  objective  of  this  investi- 
gation was  to  deploy  under  actual  field  conditions  several  water-quality 
monitoring  systems  to  determine  their  overall  suitability  and  compati- 
bility with  the  LaBarge  designed  water  data  transmitter.  A water  data 
transmitter  was  installed  at  a test  site  on  the  Mississippi  River  with 
the  capability  of  being  operated  in  either  the  ERTS  (Earth  Resources 
Technology  Satellite)  mode  or  the  GOES  (Geostationary  Operational  En- 
vironmental Satellite)  mode,  with  the  operational  mode  being  primarily 
determined  by  UfVD. 

Original  plans  called  for  the  deployment  of  four  different  water- 
quality  monitoring  systems,  two  at  a time,  for  test  intervals  of  2 weeks 
each  in  the  Mississippi  River.  This  was  required  because  the  trans- 
mitter can  handle  only  eight  analog  and  four  digital  input  signals  at 
a time.  In  addition,  these  water-quality  monitoring  systems  would  be 
tested  in  the  laboratory  prior  to  deployment  in  order  to  evaluate  sta- 
bility and  accuracy  specification  published  by  the  Instrument  manufac- 
turers. From  these  bench  tests,  it  was  determined  that  only  the  Martek 
V and  Hydrolab  6d12  units  demonstrated  sufficient  stabilities  Euid  ac- 
curacies to  Justify  further  consideration  and  evaluation  at  the  test 
site  on  the  Mississippi  River. 

Once  the  two  vinits  were  deployed,  it  was  anticipated  that  the  eval- 
uation would  require  daily  surveillance  to  detect  deterioration  in 
equipment  performance  and  to  recover  water  samples  that  could  be  ana- 
lyzed in  the  laboratory  at  the  U.  S.  Army  Engineer  Waterways  Experiment 
Station  in  order  to  define  cm  accurate  baseline  which  would  establish 
a common  base  for  Instrument  comparisons. 

Generally,  it  was  determined  that  operational  environments  have  a 
significant  effect  on  data  reliability  and  maintenance  requirements. 

Even  though  the  data  were  inconclxislve,  there  were  indications  that  tur- 
bidity, water  tenq)erature , and  c\irrent  affected  the  accuracies  of  the 


PREKACE 


This  report  presents  the  results  of  an  investigation  to  evaluate 
and  select  water-quality  monitoring  equipment  based  on  overadl  suitabil- 
ity, as  well  as  compatibility  with  the  LaBarge,  Inc.  Water  Data  Trans- 
mitter. The  study  was  performed  by  request  of  the  River  and  Reservoir 
Control  Center,  U.  S.  Army  Biglneer  Division,  Lower  Mississippi  Valley 
(l>fVD),  6uid  was  formally  authorized  by  letter  dated  26  August  1975. 

Basic  guidance  and  management  during  conduct  of  the  study  were  given  by 
Messrs.  Warren  L.  Sharp  auid  Chaurles  Bradshaw,  IHVD. 

The  study  was  conducted  during  the  period  of  July  1976  to  December 
1976  by  Mr.  A.  W.  Ford,  Environmental  Effects  Laboratory  (EEL),  U.  S. 

Army  Engineer  Waterways  Experiment  Station  (WES).  The  study  wss  con- 
ducted under  the  direction  of  Mr.  N.  R.  Francingues,  Chief,  Treatment 
Processes  Research  Branch,  and  under  the  general  supervision  of  Mr.  A.  J. 
Green,  Chief,  Environment aa  Engineering  Divison,  and  Dr.  John  Harrison, 
Chief,  EEL.  The  report  was  written  by  Mr.  Ford. 

Director  of  WES  during  the  study  and  preparation  of  this  report  was 
COL  John  L.  Cannon.  Technical  Director  was  Mr.  F.  R.  Brown. 
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IWVESTIGATION  OF  REMOTE  WATER-QUALITY  HONITORIMG 
SYSTEMS  FOR  USE  WITH  GOES  OR  ERTS 
WATER  DATA  TRANSMITTER 


PART  I : INTRODUCTION 

Background 


1.  The  River  and  Reservoir  Control  Center  of  the  Lower  Mississippi 
Valley  Division  (LMVD),  in  the  fall  of  1975,  laid  plans* for  the  develop- 
ment of  a fully  automated  water  resource  data  collection  system  for  the 
Lower  Mississippi  VaCLley  that  would  employ  the  services  of  the  Geosta- 
tionary Operationed.  Environmentetl  Satellite  (GOES)  or  the  Earth  Re- 
sources Technology  Satellite  (ERTS).  Figure  1 shows  the  LMVD  plan  of 
development  for  an  automated  hydrometeorological  and  water-quality  data 
collection  network.  Each  station  is  equipped  with  a Water  Data  Trans- 
mitter (WDT)  capable  of  storing  water-quality  and  hydrometeorological 
data.  Monitoring  at  remote  sites  is  accomplished  at  prescribed  inter- 
vals with  transmission  of  data  to  either  the  GOES  or  the  EH^TS.  These 
data  are  then  relayed  via  radio  telemetry  to  ground  stations  which  dis- 
seminate the  information  to  interested  user  agencies.  In  association 
with  the  development,  the  U.  S.  Army  Engineer  Waterways  Experiment  Sta- 
tion (WES)  was  requested  by  the  River  and  Reservoir  Control  Center  to 
prepare  and  submit  a proposal  to  investigate  currently  marketed  water- 
quality  monitoring  equipment  for  the  purpose  of  evaluating  the  overall 
suitability  and  applicability  of  such  equipment  for  use  in  conjunction 
with  the  WDT. 


E*urpose  and  Scope 

2.  The  Intent  of  the  study  was  to  establish  an  information  base 
upon  which  decisions  could  be  made  for  selecting  water-quality  monitor- 
ing equipment  capable  of  gathering  reliable  data  for  extended  periods 
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Figure  1.  LMVD  plan  of  development  for  an  automated  hydro- 
meteorological and  water-quality  data  collection  network  via 

earth  satellite 
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vith  fflinimal  maintenance  requirements.  In  addition,  the  study  was  to 
identify  an  "off-the-shelf"  water-quality  monitoring  unit  (or  units) 
that  would  be  electronically  compatible  with  the  UDT  manufactured  by 
LaBarge,  Inc.,  in  Tulsa,  Okla. , which  is  being  used  by  LMVD  and  other 
Corps  offices  to  monitor  data  via  satellite. 

3.  Early  in  the  study  it  was  determined  that  at  least  four  off-the- 
shelf  water-quality  units  were  available  that  were,  in  theory,  compati- 
ble with  the  WDT.  The  four  units  tested  were  Martek  V,  Oceandata  lOlB, 
Hydrolab  6D12,  euid  InterOcean  ^13D.  They  were  evaluated  based  on  the 
accuracy  and  response  to  each  of  the  water-quality  parameters  measured, 
short-  and  long-term  probe  stabilities,  and  required  frequency  of  mis- 
sion essential  maintenance.  In  plan,  each  unit  was  to  have  been  sub- 
jected to  a series  of  laboratory  and  field  tests,  but  In  actuality,  as 
explained  later  in  detail,  only  the  Martek  V and  Hydrolab  6D12  were 
deployed  in  the  field. 
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PART  II:  WATER-QUALITY  MEASUREMENTS 


U.  Water-quality  data  are  collected  for  many  purposes.  For  In- 
stance, data  requirements  may  be  primarily  established  by  geographic 
conditions,  such  as  those  that  might  be  dictated  In  riverine,  estuarine, 
or  reservoir  applications,  or  by  scientific  or  Judicial  considerations, 
such  eis  those  established  by  regtilatory,  monitoring,  baseline,  and  re- 
search guidelines.  The  scope  of  work  of  this  study  did  not  permit  a 
detailed  Investigation  of  all  water-quality  parameters,  but  It  did  allow 
a cursory  evaluation  of  the  more  slgnlflcemt  or  basic  ones.  Comparison 
of  the  pertinent  physical  and  electrical  characteristics  of  the  four 
units  that  were  evaluated  Is  given  In  Table  1.  Table  2 Is  a listing  of 
normal  measurement  ranges,  calibration  methods,  accuracies,  and  system 
responses  of  the  parameters  evaluated  In  this  study.  Other  important 
operational  considerations  are  presented  for  informational  purposes.  A 
brief  description  of  the  importance  and  significance  of  the  parameters 
evaluated  is  presented  in  the  following  paragraphs. 


5.  One  of  the  fundamental  water-quality  parameters  is  pH.  It  is 
a term  used  rather  universally  to  express  the  Intensity  of  the  acid  or 
alkaline  condition  of  a solution  and  Is  a factor  that  must  be  considered 
in  chemical  coagulation,  disinfection,  water  softening,  corrosion  con- 
trol, and  sewage  and  Industrial  waste  treatment  employing  blologiced 
processes.  It  gives  a measure  of  hydrogen  ions  present  in  solution  and 
is  but  one  of  a family  of  ion-selective  meaisurements  available  for  water' 
quality  evaluation.  It  is  almost  universally  measured  by  use  of  a glass 
electrode  filled  with  a definite  acidic  electrolyte.  This  probe,  used 
in  conjunction  with  a standard  calomel  reference  probe,  produces  an 
electromotive  force  proportional  to  pH  units.  Technology  of  the  instru- 
ments evaluated  is  such  that  a user  could  expect  accuracies  of  1 per- 
cent. It  might  be  emphasized  that  this  accuracy  is  only  attainable  by 
calibrating  the  instruments  prior  to  usage  and  by  validating  the  cali- 
bration after  the  data  have  been  collected. 


Dissolved  Oxygen 


6.  Dissolved  oxygen  (DO)  neasxirements  generally  provide  Indica- 
tions of  the  degree  of  pollution  caused  by  organic  compounds  undergoing 
biological  degradation.  Since  aerobic  and  anaerobic  conditions  are 
ubiquitous  in  nature,  it  is  highly  advantageous  that  conditions  favor- 
able to  aerobic  organisms  be  maintained.  Thus,  DO  measurements  are  vi- 
tal for  ascertaining  aerobic  conditions  in  natural  waters  that  receive 
pollutional  matter. 

7.  Dissolved  oxygen  concentration  is  measured  using  a membrane- 
covered,  passive  polarographic  probe.  The  partial-pressure  proportional 
output  signal  of  the  probe  is  automat lccd.ly  corrected  for  variations  of 
oxygen  solubility  and  membrane  permeability  with  temperature  to  provide 
an  indication  either  in  peurts  per  million  (by  weight)  or  milligrams  per 
litre  (by  volume)  of  DO.  Accuracies  of  + 1 percent  are  attainable  if 
the  same  precautions  are  tedcen  with  calibration  procedures  as  mentioned 
previously. 


Conductivity 

8,  The  conductivity  of  a solution  is  a measure  of  the  total  concen- 
tration of  ions  in  the  solution.  As  such,  conductivity  is  closely  re- 
lated to  other  parameters  that  generally  vary  with  ion  concentration. 
Notable  examples  are  salinity,  chlorinity,  total  ionic  strength,  total 
dissolved  solids,  and  oxygen  solubility  (salting  out). 

9.  Chemically,  seawater  is  commonly  described  in  terms  of  its 
salinity  (roughly,  total  salt  content).  The  total  salt  content  of  sea- 
water varies  considerably,  but  the  relative  amounts  of  the  major  con- 
stituents remain  nearly  constant.  This  is  another  way  of  saying  that 
the  ion  population  in  seawater  varies  in  number  but  not  in  kind.  Be- 
cause of  this,  a one-to-one  relationship  exists  between  the  salinity  of 
seawater  and  its  conductivity.  Using  this  relationship,  salinity  can  be 
determined  from  a quick  electrical  measurement  rather  than  from  a 
lengthy  chemical  anedysls.  Chlorinity  (hedogen  content  of  seawater)  is 
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similarly  proportional  to  salinity,  since  salinity  - 1.81  x chlorinity. 
Assuming  that  the  relative  ionic  composition  of  seawater  is  more  or  less 
constant,  then  a correlation  between  conductivity  and  ionic  strength  can 
be  deduced. 

10.  The  range  of  conductivities  encountered  in  natural  waters  is 
very  great,  extending  from  a few  micromhos  per  centimetre  in  glacial 
streams  to  approximately  60,000  umhos/cm  in  seawater  and  to  even  higher 
values  in  brine  springs  and  wells.  Therefore,  to  attain  maximum  accu- 
racy from  the  equipment,  the  range  of  the  particular  measurement  must  be 

determined. 


Temperature 

11.  Accurately  monitoring  temperature  is  the  singularly  most  im- 
portant instrumentation  task  necessary  to  produce  valid  water-quality 
data.  Tt  becomes  so  not  because  of  the  measurement  itself  but  because 
other  water-quality  parameters  are  critically  dependent  on  tenperature . 
For  greatest  accuracy  the  maximum  temperature  span  should  be  0®  to  40®C. 
The  present  state  of  the  art  of  equipment  will  furnish  data  that  are 
accurate  to  within  ^ 0.5®C. 
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PART  III:  LABORATORY  INVESTIGATIONS 


Preliminary -Tests 


12.  Prior  to  placing  the  water-qujQlty  monitoring  units  In  the 
field,  laboratory  procedures  were  performed  to  calibrate  the  four  sys- 
tems. Only  two  units,  Martek  and  Hydrolab,  were  successfully  calibrated. 
The  others,  Oceandata  and  InterOcean,  would  either  not  stabilize  on  one 
or  more  parameters  within  the  90-sec  warm-up  time  provided  by  the  VfDT, 
or  If  the  peurameters  did  stabilize,  calibration  began  to  drift  within 
12  hr  or  less.  Manufacturer's  specifications  on  the  Oceandata  system 
recommended  a minimum  warm-up  of  5 min  for  successful  operation.  This 
was  not  realized  until  after  the  equipment  was  in-house,  for  if  it  had 
been  previously  known,  it  coxxld  have  been  eliminated  earlier.  Therefore, 
it  was  decided  that  Martek  and  Ifydrolab  would  be  the  units  initially 
deployed  in  the  river.  Both  units  were  operated  during  a 3-week  period 
in  the  laboratory  and  both  units  remained  in  calibration.  The  data  ob- 
tained using  these  two  lonits  are  presented  in  Table  3.  Also  presented 
is  a comparison  of  the  monitored  data  with  data  obtained  by  standard 
analytical  methods.  Analytical  data,  Lg,  were  taken  before  and 

after  the  laboratory  test  period.  There  was  a very  close  correlation  in 
the  calibration  data  between  the  units  and  analytics!,  data.  The  water- 
qusLLity  monitors  placed  in  an  ideal  environment  of  clesui  tap  water  at 
constant  temperature  in  the  laboratory  demonstrated  that  the  unattended 
equipment  performed  satisfactorily  for  3 weeks. 
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PART  IV;  FIELD  INVEST IC5ATI0N 

Instrument  Deployment 

13.  The  water-quality  instruments  were  located  near  the  Vicksburg 
River  gage  site  so  that  the  WDT  used  to  monitor  river  stage  and  precipi- 
tation coxad  be  utilized  for  this  study.  A diagram  of  the  equipment  in- 
stallation is  presented  in  Figure  2. 

lU.  The  instrument  packages  were  suspended  from  a channel  buoy, 
which  is  shown  in  Figure  3.  The  electronic  cable  from  the  packages  were 
routed  to  electronic  surface  luiits  located  on  the  river  bahk;  from  here  j 

the  signals  were  fed  concurrently  to  a tape  recorder  and  WDT.  Figure  U 
shows  the  deployment  of  the  buoy  in  the  river,  and  Figure  5 shows  the 
instruments  being  insteQled  on  the  buoy. 

15.  A plan  of  action  was  initiated  that  attempted  to  compare  date  ! 

from  the  water-q\iality  monitors  to  data  gathered  and  analyzed  by  classi-  | 

cal  methods.  At  hourly  intervals  data  from  the  monitors  were  recorded  1 

on  magnetic  tape  euid  sim iltaneously  stored  in  the  WDT.  In  addition,  ^ 

data  were  recorded  from  meters  on  the  monitors  coincidently  with  the  j 

times  samples  were  extracted  from  the  river. 

16.  Deployment  of  the  units  in  the  field  brought  a number  of  prob- 
lems into  focus:  changing  river  conditions,  e.g. , water  temperature, 
river  currents,  turbidity,  and  river  level;  problems  associated  with  the 
luonitoring  systems ; and  problems  with  the  WDT . The  first  two  items 
will  be  discussed  in  subsequent  peu^agraphs. 

River  Conditions  During  Testing  Period 

17.  At  the  time  of  initial  deployment  on  20  October  1976  the  river 
stage  was  low  and  falling,  turbidity  was  low,  and  the  river  cxirrent  was 
moderate.  The  profile  of  the  river  bottom  when  the  instruments  were 
placed  is  depicted  in  Figure  6.  At  the  time  the  profile  was  taken  the 
river  state  was  10.2  feet.*  Subsequently,  during  the  test  the  stage 

• A table  of  factors  for  converting  U.  S.  customary  units  of  measure 
ment  to  metric  (Sl)  ccui  be  fotind  on  page  6. 
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ERTS'GOES 


Figure  2.  Typical  ERTS/GOES  water  data  transmitter  installation 


Figure  3.  Channel  buoy 

fell  to  zero  and  remained  there  with  minor  fluctuations  until  the  water- 
quality  monitors  were  removed  from  the  river  on  26  October  for  an  exami- 
nation and  calibration  check.  When  the  instruments  were  reinsteilled  in 
the  river  on  U November,  the  river  was  rising,  the  temperature  was  de- 
creasing, and  the  turbidity  and  river  currents  were  increasing. 


Test  Results  During  Low  River  Stage 


l8.  The  units,  as  mentioned  previously,  were  deployed  and  fully 
operational  in  mid-October.  Data  were  collected  from  the  20th  to  the 
26th  of  October,  at  which  time  the  units  were  removed  from  the  water 
because  the  divergency  between  laboratory  readings  and  those  measured 
by  meters  at  the  siirface  upit  (see  Figure  l)  continued  to  increase. 
During  this  period  hourly  analog  tape  records  of  the  signals  from  the 
monitoring  units  were  obtained  for  comparison  with  data  from  WDT,  but  a 
malfunction  in  the  satellite  system  precluded  any  attempt  to  obtain  data 
from  this  source  during  the  testing  period.  Manual  and  laboratory  data 


Figure  Buoy  deployment 

gathered  during  this  period  are  presented  in  Table  U.  From  the  table, 
it  can  be  seen  that  the  Martek  and  Hydrolab  DO  and  pH  measurements  began 
to  deviate  from  laboratory  results  in  a very  short  time , whereas  the 
conductivity  eind  temperature  measurements  agreed  rather  closely  and  data 
gathered  hourly  verified  these  findings.  There  was  one  problem  which 
was  unassociated  with  the  water-quality  monitors.  Tape  data  from  the 
Hydrolab  conductivity  were  rendered  valueless  because  of  a malfunction 
in  the  tape  recorder.  These  problems  prompted  the  removal  of  the  \inits 
from  the  river  for  investigation  of  the  problem  auvas. 

19.  From  the  laboratory  evaluation,  it  was  determined  that  the 
Martek  pH  probe  was  inoperative,  and,  therefore,  it  was  replaced.  The 
Martek  DO  and  Hydrolab  DO  and  pH  probes  were  recalibrated  and  rein- 
stalled in  their  respective  assemblies. 

Test  Results  During  Rising  River  Stage 


20.  On  3 November  1976  the  units  were  reinstalled  at  the  site  and 
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Figiure  5-  Monitor  installation 

results  during  this  period  are  noted  in  Table  5.  On  the  Uth  of  November 
it  was  noted  that  the  Martek  DO  probe  was  malfunctioning  as  before  and 
at  this  time  it  was  replaced.  However,  due  to  an  operator  error  the 
system  was  inadvertently  shut  down  and  no  data  were  received  on  U Novem- 
ber. Even  though  there  were  less  identifiable  hardware  malfunctions 
during  this  period,  inaccuracies  in  the  data  were  still  noted. 

21.  During  this  period  there  was  also  considerably  more  instabil- 
ity in  the  data  than  before  and  it  is  surmised  (even  though  the  evidence 
is  inconclusive)  that  environmental  conditions  caused  this  phenomenon. 
Comparison  of  the  data  indicates  considerably  less  agreement  for  the 
more  turbid,  higher  current  conditions.  However,  there  are  other  envi- 
ronmental factors  which  may  have  influenced  these  data,  for  example, 
stage  levels,  algae  growth,  etc.  These  should  be  rigorously  assessed  in 
the  expanded  study.  A program  of  l8U*ger  scope  would  provide  a system- 
atic evaluation  of  a range  of  environmental  conditions  representative  of 
those  that  might  be  encountered  within  the  LMVD's  overall  operation. 


I 
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Figure  6.  River  bottom  profile  at  test  site 


STAGE,  FT 


Data  vere  successfully  transmitted  through  the  WDT-GOES  link  during  this 
period. 


Analysis  of  Hydrolab  Performance 

22.  The  Hydrolab  DO,  temperature,  and  conductivity  measurements 
correlated  closely  with  their  respective  standards,  but  the  pH  measure- 
ment, though  functional,  evidenced  a calibration  shift  which  was  not 
fully  explainable.  There  is  indication  that  the  environment  may  have 
affected  this  parameter  since  the  shift  was  evident  during  the  first 
deployment  but  absent  when  the  peurameter  was  checked  in  the  laboratory 
where  the  system  was  normal  and  required  no  calibration  or  adjustment. 

Analysis  of  Martek  Performance 

23.  The  Martek  pH,  temperature,  and  conductivity  measurements  cor- 
related closely  with  their  respective  stauidards.  However,  even  though 
the  DO  probe  was  changed  on  the  Uth  of  November,  the  accuracy  of  the 
measuremnt  was  still  doubtful.  This  inaccuracy  wsis  due  to  a calibration 
shift  which  was  verified  when  the  equipment  was  returned  to  the  labora- 
tory. There  is  little  doubt  that  the  probe  was  faulty  in  the  prior  de- 
ployment, but  verifying  the  malfunction  at  that  time  was  not  possible. 

Comparison  of  Data  from  the  Different  Transmission  Modes 

2k.  Figures  7-10  are  comparisons  of  analytical,  manual,  and  WDT 
data.  Each  figure  shows  readings  recorded  during  the  investigation  for 
the  foxjr  parameters  monitored  manually  and  automatically.  The  analyti- 
cal data  were  produced  using  standard  laboratory  procedures;  manual  data 
were  monitored  by  electronic  meters  at  the  surface  unit;  and  WDT  data 
were  transmitted  through  and  relayed  by  the  GOES  satellite  to  the  Na- 
tional Ekivironmental  Satellite  Service  (NESS)  groiand  station  located  in 
Wallops  Island,  Va.  Originally,  it  was  planned  to  use  the  United  States 
Geological  Survey  (USGS)  ground  stati(»i  located  at  the  National  Space 
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Technology  Laboratory  in  Bay  St.  Louis,  Miss.  Due  to  repeated  equipment 
malfunctions  it  was  necessary  to  utilize  the  NESS  data  facility. 

25.  Data  were  gathered  at  hourly  intervals  except  for  the  analyti- 
cal (laboratory)  data,  which  were  taken  once  or  twice  a day  between  O8OO 
and/or  1600  hr.  It  was  assvnned  that  this  diurnal  sampling  frequency 

was  sufficient  to  establish  enough  baseline  data  for  the  data  comparison. 
In  addition,  it  was  assumed  that  there  would  be  very  little  variation  in 
the  hourly  data.  These  assumptions  were  proven  to  be  generally  correct, 
but  it  became  apparent  that  maintaining  parameter  calibration  was  diffi- 
cult in  an  imattended  data  gathering  operation.  It  is  evident  therefore 
that  for  futiire  studies  C8Q.ibratlon  techniques  should  be  addressed  in 
detail  to  ensure  that  the  most  accurate  data  within  the  limits  of  equip- 
ment capability  are  attained.  Recommendations  from  the  equipment  manu- 
facturers were  universal  in  their  approach  to  calibration:  use  standard 
buffer  solutions  to  set  prescribed  parameter  limits.  This  led,  as  men- 
tioned earlier,  to  satisfactory  results  in  the  laboratory,  but  equipment 
reaction  to  field  conditions  was  more  critical.  The  scope  of  this  study 
did  not  permit  the  determination  of  causes  for  degradations  in  equipment 
calibration;  however,  it  may  be  attributed  to  silt  deposition  evident 
on  all  submerged  surfaces,  biological  growths,  mishandling  of  equipment, 
or  mechanical  defects. 

26.  An  examination  of  the  plots  of  test  data  reveals  that  the 
Hydrolab  unit  had  roughly  half  the  accxiracy  as  did  the  Martek  unit  ex- 
cept for  the  Martek  DO  parameter  which  was  very  erratic.  The  data  are 
inconclusive,  but  there  is  strong  indication  that  the  measurements  are 
flow  sensitive.  Readings  in  the  laboratory  and  in  conditions  of  low 
river  flows  were  very  consistent  but  under  the  condition  of  increased 
flow,  the  scatter  in  the  data  increased  markedly. 

Measiurement  Accuracy 

27.  Using  the  baseline  established  by  standard  laboratory  pro- 
cedures, the  accuracy  of  the  Hydrolab  DO  measurements  is  0.2  ppm.  The 
Hydrolab  pH  data  have  accuracies  of  approximately  2.0,  whereas  the 
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Martek  unit  has  em  accuracy  of  0.5.  The  error  in  the  Hydrolab  unit  was 
caused  by  a shift  in  calibration.  The  Hydrolab  conductivity  data  have 
accuracies  of  approximately  80  pmhos/cm,  while  the  Martek  unit  exhibited 
an  accuracy  of  approximately  20  ymhos/cm.  Similarly,  the  temperature 
plots  for  both  instruments  show  that  the  accuracy  in  the  Hydrolab  ap~ 
proaches  1°C,  whereas  the  accuracy  of  the  Martek  unit  is  0.5®C.  Except 
for  the  Martek  DO  and  Hydrolab  conductivity  measurements,  the  WDT  data 
were  very  precise,  but  the  data  emphasize  that  calibration  techniques 
are  quite  critical.  Even  though  the  values  presented  are  precise  re~ 
presentations  of  the  sensor  measurement,  deviation  of  results  from  the 
"true"  values  is  the  meeisure  of  system  accuracy.  An  important  distinc- 
tion between  precision  and  acciiracy  is  that  accurate  measvirements  are 
always  precise,  but  the  converse  is  not  necessarily  true.  GenereJ.ly 
stated,  the  accuracies  as  presented  in  published  specifications  by  the 
equipment  manufacturers  for  the  water-quality  monitoring  packages  were 
not  verified. 

Instrument  Response  Time  I 

28.  The  rate  at  which  sensors  respond  to  the  change  in  test  vari- 
ables is  referred  to  as  "response  time."  This  is  an  indication  of  the 
! time  required  for  the  sensor  signal  to  follow  a percentile  of  instantane-  | 

( ous  full-scale  change  in  the  measured  variable.  Response  time  is  an 

j importsmt  characteristic  and  should  be  defined  for  each  dynamic  or  sta- 

i tic  sensor  deployed  in  water-quality  investigations.  Tests  were  per- 

I 

I formed  in  the  field  to  determine  the  length  of  time  a sensor  took  to 

exhibit  stability  for  the  parameters  represented.  Figures  11-lU  are 
presentations  of  the  responses  of  each  of  the  sensors  monitored  during 
the  testing  period.  Data  were  collected  from  each  sensor  at  10-sec 
intervals  for  2 min.  The  2-min  period  was  deemed  adequate  because  the 
WDT  specification  allows  90  sec  nominally  for  stabilization  of  the  trans- 
ducers. These  tests  were  indicative  of  the  response  times  for  the  en- 
I tire  measuring  system.  Examination  of  the  responses  reveals  that  both 

I the  Martek  and  Hydrolab  DO  probes  required  about  60  sec  to  equilibrate. 

» 

( 
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The  Hydrolab  pH  sensor,  after  the  normally  recommended  time  of  6o  sec 
had  elapsed,  displayed  pH  output  variations  in  excess  of  0.2  between 
consecutive  10-sec  intervals.  Since  pH  can  be  assumed  as  being  constant 
(within  these  environs)  for  such  a short  time  frame,  these  variances  are 
interpreted  sis  equipment  error.  This  value  silone  exceeds  the  total  ac- 
curacy specified  by  the  msuiufacturer  by  four  times.  An  investigation 
of  the  same  psu'ameter  for  the  Martek  unit  reveals  similar  output  varia- 
tions but  only  half  as  much,  but  this  value  still  represents  an  error 
of  over  twice  that  specified  by  the  manufacturer.  Scrutiny  of  the  Hydro- 
lab conductivity  histogram  reveals  that  the  sensor  did  not  sufficiently 
equilibrate  in  the  2-min  period;  thus,  an  accurate  assessment  of  re- 
sponse could  not  be  made.  This  substantiates  the  findings  as  displayed 
in  Figure  8,  which  illustrates  that  the  Hydrolab  measurement  was  more 
erratic  than  the  Martek.  Conversely,  the  Martek  histogram  was  rela- 
tively stable  over  the  2-min  data  acquisition  period;  this  was  substan- 
tiated by  long-term  tests.  Response  tests  for  the  temperature  measure- 
ments displayed  output  variances  in  successive  10-sec  measurements  of 
approximately  0.5®C  for  both  units.  It  might  be  noted  that  measurements 
took  twice  as  long  in  the  field  to  equilibrate  as  those  taken  in  the 
laboratory.  This  indicates  that  the  sensor's  sensitivity  and  response 
to  change  were  affected  by  the  river  environment. 


PART  V;  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


29.  Completed  laboratory  and  field  investigations  have  revealed 
that  there  are  a number  of  uncertainties  involving  field  deployment  of 
off-the-shelf  water-quality  monitoring  units.  The  facts  brought  to 
light  include  the  following: 

a.  There  was  little  difference  in  probe  design  for  each  pack- 
age. For  long-term  deployment,  reliability,  stability, 
and  maintainability  results  were  unsatisfactory.  For 
short-term  deployment,  both  units  would  render  satisfac- 
tory results  if  adequate  attention  were  given  to  calibra- 
tion procedures. 

b.  The  operational  environment  has  a significant  effect  on 
data  reliability  and  maintenance  requirements.  Even 
though  the  data  were  inconclusive,  there  were  indications 
that  tu-bidity,  water  temperature  and  currents  affected 
the  accuracy  of  the  measiarements. 

c^.  There  exists  a great  disparity  between  the  warm-up  periods 
required  by  the  water-quality  packages  in  the  laboratory 
and  warm-up  periods  in  the  field.  Warm-up  periods  in  the 
fields  are  substantially  longer,  probably  due  to  environ- 
mental and  adverse  temperature  conditions.  The  importance 
of  the  warm-up  period  in  acquiring  accurate  data  cannot 
be  overly  emphasized,  and  the  normal  90-sec  transducer 
stabilization  time  of  the  WDT  should  be  specified  as  a 
minimum  requirement. 

d.  Important  deployment  considerations  must  be  given  to  each 
water-quality  and  WDT  field  installation. 

£.  Both  the  Hydrolab  and  Martek  units  were  compatible  with 
the  WDT. 

X«  Accuracies  as  presented  in  the  published  specifications 
were  not  verified  for  any  of  the  units. 

£.  Calibration  procedures  were  Inadequately  emphasized  by 
manufacturers  and  it  became  evident  that  in  order  to  ob- 
tain accurate  data  in  the  field  good  calibration  tech- 
niques must  be  liiq>lemented.  The  calibration  program  used 
by  WES  was  to  calibrate  the  units  in  the  laboratory  and 
trwsport  them  to  the  test  site,  but  as  the  data  attests, 
the  procedure  proved  to  be  Inadequate. 
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Recommendations  J 

30.  The  scope  of  the  program  discussed  herein  was  limited  to  evalu-  1 

ation  of  a selection  of  existing  sensor  packages.  The  conduct  of  the  1 

experiment  was  affected  by  the  need  to  check  out  the  WDT  and  water-  | 

quality  unit 

compatibility  at  the  same  time  as  the  water-quality  units  | 

1 

were  being  evaluated.  It  is  reconmended  that  a comprehensive  program  j 

be  initiated 

to  include  the  following;  | 

a. 

Conduct  a state-of-the-art  review  of  sensor  design  tech-  t 

nology,  including  a review  of  the  latest  work  being  done 
in  environmentail,  medical,  and  space  sciences  (e.g., 
bioprobe  of  Mars). 

b. 

Evaluate  individual  sensors  and/or  sensor  packages  avail- 
able from  other  n.anufactiirers  under  a variety  of  environ- 
mental conditions  encompeisslng  the  total  range  of  condi- 
tions that  may  be  related  to  LMVD's  overeLLl  mission. 

Deploy  sensor  packages  by  different  manufacturers  in  the 
same  environment  simultaneously,  at  least  in  pairs,  and 
use  a beisellne  for  comparing  them. 

£. 

Develop  calibration  techniques  for  each  parameter  under 
various  environmental  conditions. 

d. 

Examine  the  feasibility  of  increasing  the  nmber  of  para- 
meters that  may  be  monitored. 

Develop  and  evaluate  sensors  compatible  with  LMVD  monitor- 
ing requirements. 

f. 

Design  and  develop  digital  circuitry  compatible  with  the 

digital  input  of  the  WDT  to  Increase  the  accuracy  of  ana-  * 

log  measurements. 

\ 

•t 

' 

1 

Deploy  and  evaluate  the  performance  of  water-quality  sen- 
sors tinder  various  field  environments  in  the  LMVD. 

1 

1 

i , 

i 

1*1 

1 . 

Table  3 

Laboratory  Calibration  Data 


Martek 

Hydrolab 

Temperature,  °C 

17.1 

17.55 

17.55 

DO,  ppm 

8.9 

8.85 

8.85 

pH 

7.95 

7.85 

7.85 

Conductivity,  — 

188.0 

187.0 

187.0 

■ote:  and  represent  analytical  data 


Data  Gathered  During  Low  River  St 
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Note:  H = Ifydrolab,  M = Martek,  L = Laboratory. 
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Vote:  H * Hydrolab,  M = Martek,  L = Laboratory 
* Operator  error,  data  unavailable. 
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In  nccordanc*  with  Uttwr  fro*  DAEN-RDC.  OAEN-ASI  dated 
22  July  1977,  Subject:  Facsiaile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a facsiaile  catalog 
card  in  Library  of  Congress  MARC  fomat  is  reproduced 
below. 
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Inveatlgatlon  of  reaote  water-quality  aonitorlng  eyetcM 
for  use  with  GOES  or  SETS  water  data  transnltter  7 by 
Alfred  H.  Ford.  Vicksburg,  Miss.  : U.  S.  Waterways 
Experlaent  Station  ; Springfield,  Va.  : available  fron 
National  Technical  Infomatlon  Service,  1977. 

*1.  i5j  p.  : 111.  : 27  cn.  (Technical  report  - 0.  S. 

Amy  Bnglneer  Watetwaya  Ezparlaent  Station  ; Y-77-S) 

Prepared  for  River  and  laservolr  Control  Center,  U.  S. 
Amy  Engineer  Division,  Lower  Mlssleslppl  Valley,  Vlckabure, 
Hiss. 
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